moking is an important risk factor for the development of postoperative pulmonary complications after major surgical procedures. We studied 811 consecutive patients who had undergone hip or knee arthroplasty, recording current smoking and drinking habits, any history of chronic disease and such intraoperative factors as the type of anaesthesia and the type and duration of surgery. We recorded any postoperative complications occurring before discharge from hospital. There were 232 smokers (28.6%) and 579 non-smokers.
S
Smoking is an important risk factor for the development of postoperative pulmonary complications after major surgical procedures and recent work has also associated smoking with wound complications and failure of bowel anastomoses. [9] [10] [11] [12] [13] [14] [15] Our aim was to investigate the effect of smoking on the outcome after elective orthopaedic procedures, particularly the length of stay in hospital and the frequency of admission to intensive care.
Patients and Methods
We obtained the clinical records of 825 consecutive patients who had undergone hip or knee arthroplasty at Bispebjerg and Frederiksberg University Hospitals between January 1999 and December 2000. We excluded 14 patients whose notes did not record smoking habits, and whose follow-up had not been complete. The local Ethical Committee approved the study.
The data which were collected for each patient included age, gender, BMI, pre-existing cardiac, pulmonary or diabetic disease, physical classification (American Society of Anesthesiologists grade), type of surgery (hip or knee arthroplasty), type of anaesthesia (regional or general), the duration of surgery, the patients weekly alcohol consumption (number of units), smoking habits (number of cigarettes, cheroots, cigars or pipes smoked daily, date when started or if stopped, when). The smoking status was recorded as pack years (daily consumption x number of years smoking ÷ 20). The patients were divided into current smokers, who smoked at least once a day (232), and nonsmokers who had either never smoked (454) or had stopped (125).
Information concerning the type and duration of the anaesthesia and the surgical procedure undertaken was taken from the operating-theatre records. The patients received hydration intravenously (7.5 ml/kg/hour) throughout surgery, and at a rate of 3.5 ml/kg/hour for the first 24 hours after surgery, because hypovolaemia is known to decrease perfusion of the wound and increase the incidence of infection. Inspired oxygen was given at 80% during the operation and at 100% before extubation in order to reduce the incidence of wound infection. 16 While in the recovery room, oxygen was given to maintain an oxyhaemoglobin saturation of at least 92%. Either a crystalloid solution (solution-to-blood-lost ratio of 4:1) or a colloid solution (solution-to-blood-lost ratio of 2:1) replaced any lost blood. The surgical procedures were routine and included a standard technique for wound closure using continuous sutures for the deep layers, interrupted sutures for subcutaneous tissues and staples for the skin. All patients received routine antibiotic and anti-thromboembolic prophylaxis.
Assessors (AM, TP), blinded as to the patients' risk factors, recorded all complications during the stay in hospital. We defined postoperative complications as either mortality or morbidity requiring treatment within four weeks of the operation.
The cardiopulmonary complications included congestive heart failure with bilateral râles, pulmonary oedema or leftsided heart failure documented by radiological changes, cardiac arrest and acute myocardial infarction. Acute myocardial infarction was defined by at least one of the following: development of new Q waves, new persistent ST-segment or T-wave changes, an elevation of total creatine kinase and creatine kinase MB isoenzyme values, pulmonary failure with pneumonia (fever, abnormalities on chest radiograph or positive sputum culture), or respiratory insufficiency requiring treatment. 17 Only when bacteria were cultured from a wound was it considered to be infected. 18 Other complications included haematoma requiring drainage due to subfascial involvement, loosening of the prosthesis, infection of the urinary tract requiring antibiotic treatment, deep-venous thrombosis, gastrointestinal bleeding and postoperative confusion requiring medication. Information about admission to the intensive care unit (ICU) and the complication(s) leading to it were recorded. Finally, we recorded the duration of the stay in hospital. We examined the pre-and postoperative variables in twoway tables (two-tailed chi-squared test); a value less than 0.05 was taken to be significant. Other results were evaluated by unpaired t-tests or Mann-Whitney U tests, as appropriate. All p values were two-sided. A multiple logistic regression analysis (controlled for potential confounders) was used to estimate the odds ratio (OR) of wound infection, ICU admission and postoperative complications. For statistical analysis we used SPSS software (version 10.0) (SPSS, Chicago, Illinois).
Results Table I gives details of the patients' smoking habits. The smoking group was significantly younger than the nonsmoking group (p < 0.001), and the incidence of diabetes mellitus and chronic obstructive lung disease was higher in the smoking group (p < 0.005 v p < 0.04). There was no difference in the characteristics of the patients or postoperative complications between the two hospitals. Table II shows the postoperative complications in the two groups. The smokers had a significantly higher risk of developing some complications (p < 0.001); the greatest difference was seen in wound-related complications. They also had a higher risk of cardiopulmonary complications and of requiring (p < 0.03) further surgery. More smokers were admitted to the ICU postoperatively, and they spent a total of 46 days in the ICU compared with 31 days for the nonsmokers (1.4% v 0.4%; days in ICU/number of days in hospital, p < 0.001).
Multivariate analysis was used to calculate factors associated with the development of postoperative complications (Table III) . Compared with perioperative risk factors, smokers were at greater risk of developing wound-related complications (OR = 3.2), of requiring ICU admission (OR = 8.5) and, indeed, any complication. Arthroplasty of the knee was particularly associated with wound complications (OR = 2.4) and congestive heart failure with a variety of complications (OR = 1.7). Alcohol consumption (у18 units per week) was also associated with wound-related complications (OR = 1.7), and age more than 70 years (OR = 5.6) was associated with admission to the ICU, although these two factors did not reach statistical significance. No other perioperative variables were associated with outcome.
The mean length of stay in hospital was similar in the two groups, 14.3 days (7 to 66) for smokers) and 14.5 days (5 to 134) for non-smokers, but smokers with wound complications had an extended length of stay in hospital (18.2 v 14.4 days for the total study group; p < 0.001) as did smokers with any complication (17.4 v 14.5 days for the total study group; p < 0.001). For those who were required to stay in hospital for more than two weeks, the number of smokers with wound complications was double that of nonsmokers (38% v 19%). The number of smokers with any postoperative complication was significantly higher than the number of non-smokers (p = 0.02; Table IV) .
Discussion
These results indicate that smoking is the single most important risk factor for the development of complications after elective arthroplasty of the hip or knee. This is true whether we consider all complications, cardiopulmonary complications or those of wound healing, the risks of further surgery or the need for admission to ICU. There may be many reasons for this, some due to the association between smoking and chronic systematic disease such as atherosclerosis, diabetes mellitus or chronic obstructive lung disease. [19] [20] [21] [22] Smoking has recently been shown to be associated with impaired wound healing, and it has an effect on the immune system. [23] [24] [25] [26] [27] This seems to be confirmed by our study which showed that wound complications were related to smoking habits. We also found that smokers were more likely to require further surgery, which may be related not only to impaired wound healing and infection, but to impaired healing of bone, which has been recorded in dental and spinal surgery. [28] [29] [30] In our patients, the smokers presenting for surgery were approximately five years younger than their non-smoking counterparts. In a previous study we found that the same was true for patients admitted to ICU after surgery. 31 The reasons for this are not known, but there is some evidence that smoking accelerates the ageing processes, not only in the cardiovascular and pulmonary systems, but also in the musculoskeletal system. 32 Another important finding of our study was the extended length of stay in hospital for smokers with postoperative complications. For those with wound complications the mean length of hospital stay was prolonged by about four days and for those with any complication the corresponding figures are similar (three days). The occurrence of complications is also important for health-care economics as an extended stay in hospital, treatment in ICU, prolonged antibiotic therapy and secondary surgery are all expensive.
In an earlier study we showed that it is possible to reduce the incidence of postoperative complications by persuading patients to stop smoking some time before surgery. 33 Our findings have shown that smoking is the single most important risk factor for the development of serious postoperative complications in patients undergoing elective hip and knee arthroplasty.
